To date, procedures utilizing cup-plate microbiological assay (4, 19) and fluorometry (15) have been the only non-isotopic methods available to quantitatively measure ampicillin at the low concentrations found in urine and serum after therapeutic doses of the drug. However, ampicillin metabolites appear to interfere with determination of ampicillin by this fluorometric procedure (15). Problems inherent with cupplate microbiological assay systems include a 10 to 20% variability in precision, long incubation periods, the somewhat complicated procedures for calculating and plotting data, and the need for sample dilution to narrow ranges of concentration required for zonal inhibition. This latter problem is magnified when the drug is being assayed in samples of biological fluids.
A turbidometric assay is described for the quantitative measurement of ampicillin in serum. Standard curves prepared with known concentrations of ampicillin in serum exhibited acceptable linearity over a concentration range of approximately 0.2 to 1.8 ,g/ml. Data are presented to show the excellent precision of the assay and the application of the assay to clinical studies. The advantages of this method over other procedures are discussed. Because of the questionable stability of ampicillin, samples containing known concentrations of ampicillin in serum were assayed after storage for various lengths of time. Serum samples maintained in the frozen state until the time of assay exhibited approximately 12% degradation after 7 days, whereas those samples which were subjected to repeated thawing and refreezing exhibited approximately 25% degradation after the same time interval.
The evaluation of serum antibiotic levels is of considerable importance in view of the recently demonstrated non-equivalence of certain marketed pharmaceutical preparations, e.g., tetracycline (3), oxytetracycline (6), chloramphenicol (8) , and ampicillin (17) . The To date, procedures utilizing cup-plate microbiological assay (4, 19) and fluorometry (15) have been the only non-isotopic methods available to quantitatively measure ampicillin at the low concentrations found in urine and serum after therapeutic doses of the drug. However, ampicillin metabolites appear to interfere with determination of ampicillin by this fluorometric procedure (15) . Problems inherent with cupplate microbiological assay systems include a 10 to 20% variability in precision, long incubation periods, the somewhat complicated procedures for calculating and plotting data, and the need for sample dilution to narrow ranges of concentration required for zonal inhibition. This latter problem is magnified when the drug is being assayed in samples of biological fluids.
Because of these limitations, we have developed a turbidometric assay for ampicillin in serum. With this assay, the entire range of serum concentrations observed after a single oral dose of 250 mg can be determined directly, without dilution and with a high degree of precision.
MATERIALS AND METHODS
General procedures. Several organisms were tested for susceptibility. The Assay of unknown samples. Venous blood samples were obtained in vacutainers (Becton-Dickinson and Co., Rutherford, N.J.) for the analysis of ampicillin levels after the oral administration of a 250-mg ampicillin capsule to volunteers. The blood samples were allowed to clot and the serum was separated within 30 min after collection and stored at -10 C until assayed. On the day of assay, the samples were thawed and triplicate 0.25-ml portions were placed directly into cuvettes together with 4.75 ml of inoculated broth. In those samples which had high levels of ampicillin not encompassed by the linear portion of the prepared standard curve, triplicate 0.1-ml portions of serum were analyzed. As stated previously, a separate standard curve was prepared for these samples.
Stability of ampicillin in serum samples. Several studies have been reported on the stability of ampicillin in solution (5, 8, 11, 12) . It appears that the stability depends upon solvent, pH, temperature, and ampicillin concentration. There is a lack of data in the literature on the stability of ampicillin in serum, although Jusko (16) has recently indicated that plasma samples containing ampicillin should be assayed within 2 days of collection "to prevent appreciable deterioration of ampicillin which occurs even in the frozen state." Stability studies were conducted on serum samples prepared to contain 1 jug of ampicillin per ml. The samples were divided into two groups which were stored at -10 C. Samples from the first group were thawed only once, just prior to their assay. The second group was thawed, assayed, and again frozen, with the cycle being repeated at each assay time over a period of 14 days.
RESULTS AND DISCUSSION The precision of the turbidometric assay was evaluated by preparing standard curves on each of 3 days. Six replicate samples were prepared for each of the five ampicillin concentrations ranging from 0.2 to 2.4 gg/ml of serum. Figure 1 shows the standard curves obtained from the turbidometric assay of these serum samples. The standard curve exhibited acceptable linearity over a concentration range of approximately 0.2 to 1.8 ,g/ml. The vertical bars represent the values of the 95% confidence limits at each concentration. The application of Bartlett's test indicated that the variances were homogeneous. The data were subjected to a two-way analysis of variance to test for differences between days and between concentrations. As expected, the results indicate highly significant differences (P < 0.001) between the concentrations assayed and between days of assay. This observed day-to-day variability necessitates the preparation of a standard curve, concomitantly with the assay of unknown samples, each day. The application of the assay to clinical studies is shown in Table 1 . This representative data shows ampicillin serum levels after the oral administration of a single 250-mg capsule to a normal human volunteer.
The results of the ampicillin serum stability study, using spiked samples, are shown in 2. The serum samples, which were maintained in the frozen state until the time of assay, exhibited approximately 12% degradation of the ampicillin after 7 days of storage. In contrast, the samples which were subjected to multiple analyses, requiring thawing and subsequent refreezing, exhibited approximately 26% degradation after the same time interval. The results of the study indicated that ampicillin serum samples could be stored at -10 C for up to 5 days prior to assay with approximately 10% loss of activity.
These data indicate the turbidometric assay exhibits suitable susceptibility and excellent reproducibility for relatively low ampicillin serum levels. In addition, the 5-h incubation time is significantly less than required for other microbiological assay methods. Further, small volumes of serum (as low as 0.1 ml) can be assayed directly without the need for extensive dilution.
